A small-scale system was developed in which balanced growth of Struptonycus hygroscopicus occurred. Although the balanced growth, verified by corresponding increase of ATP, DNA, RNA, protein and mycelial length, was restricted to a relatively short period of the life cycle, it lasted for at least two doublings. The conditions for balanced growth could be altered by various treatments to induce imbalance. This system could be applied to study regulation in the mycelium under well-defined conditions.
INTRODUCTION
Cultures of unicellular bacteria grow exponentially under unrestricted conditions in a balanced manner, i.e. each component of the cells increases by the same factor (Maalw & Kjeldgaard, 1966) . Analysis of balanced growth and of cellular responses after perturbations (shift up or shift down) have proved to be very useful for physiological studies. The aim of the present investigation was to study the regulation of balanced growth in Streptumj~cus hygroscopicus mycelium. particularly the metabolism and mode of action of nucleoside polyphosphates.
Streptomycetes have a complex life cycle which includes spore germination. development of individual hyphae, formation of substrate mycelium by hyphal elongation and branching, formation of aerial mycelium, and finally sporogenesis (Hopwood et al., 1973; Kalakoutskii & Agre, 1976) . The kineticsof germination and growth of S . hygroscopicus have been studied under surface (Schuhmann & Bergter. 1976) and submerged (Riesenberg & Bergter. 1979) conditions. After germination, the specific growth rate, determined by rates of apical growth and branching, was constant for several doublings of mycelial length and biomass, although the specific growth rate later declined. Other actinomycetes (Kretschmer. 1978) and fungi (Righelato. 1979) behaved similarly. Growth declined due to mycelial differentiation characterized by different metabolic activities in various mycelial regions such as the apex, branching region and the distal non-branching parts. Experimental results regarding the physiology and growth of streptomycetes are difficult to interpret since they are derived from the whole mycelium and cannot be ascribed to specific mycelial regions. Furthermore, comparisons with unicellular bacteria require caution since such bacteria multiply by complete cell division and do not. therefore, differentiate during ageing.
We have assumed that streptomycete cuttures exhibit a restricted period of balanced mycelial growth after germinatipn. In this paper we describe the conditions under which mycelia of S. hygroscopicus grow fcr at least two doublings in a balanced manner. In this well-defined system, mycelial responses after disturbances of balanced growth were reproducible. Our system proved aerial mycelia served as the inoculum for new agar slant cultures. Fourteen days later these cultures were used for the preparation of spore suspensions. Spores were collected by rolling glass beads over the aerial mycelia. After adding Tris/GSD medium or MOPSlGSD medium to the spore-coated beads and shaking to remove the spores from the beads, the suspension was filtered (Por-#filter, VEB Schott & Gen., Jena. GDR) to separate spores from hyphal fragments.
Determination oJdry weight. Mycelia from four 5 ml cultures were filtered through membrane filters (Sartorius SM 1 1306, 0.45 pm), The filters containing the mycelia were dried in a desiccator and weighed.
Morphologicol analysiJ. Microphotography and determination of hyphal length has been described previously (Riescnberg & Bergter, 1979) .
Rudioacriiv labelling. To determine accumulation of DNA, RNA, protein and ATP in growing mycelia, L-('*C]leucine (194 MBq mmol-ml-I ) , f5-jHJuridine (3.6 GBq mmol-l mi!-'), [-' Hjthymidined (45 GBq mmol-I m1-I) (all from the Isotope Institute Prague, CSSR) and KH?'*PO, (185 MBq ml-', carrierfree) (Isocommerz, Berlin, GDR) were added to separate cultures growing in Tris/GSD medium. Sampling and further processing of the samples was as described by Riesenberg & Kari (1981) .
Tests of normality were done according to Davies (1971) . A significance level of 5% was applied.
Storistical analysis.
Regression analyses were calculated and tested for significance according to Sachs
RESULTS A N D DISCUSSION
Optimization of culture conditions for balanced growth Culture decice. Preliminary experiments were carried out with spore inocula in Tris medium and MOPS/GSD medium in different culture vessels.
1972).
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No satisfactory results were obtained in reciprocally shaken cylindrical glass vials with different volumes. Some vials had a side arm cuvette for direct measurement of the optical density of the culture. In all cases mycelial clumping occurred independently of shaking frequency. I. Zimmermann (personal communication) found that the presence of a bottom layer of agar, or addition of liquid agar to the medium resulted in a very loose filamentous growth of Streptomyces hioris. For S. hygroscopicus neither a layer of agar at the bottom of the glass vials nor addition of liquid agar at different final concentrations prevented mycelial clumping. Clumping was greatly reduced but not prevented by incubating the mycelium in conical flasks of different volumes, which were rotated in a New Brunswick gyrotory water bath shaker at speed mark 3. Clumping of the mycelium could be prevented for at least five doublings of biomass when spores were germinated and the growing hyphae were incubated in simple glass tubes. Growth was measured by light scattering, as described in Methods.
Influence ofthe concentrations ofmedium bujjers on mycelial growth. Microscopic observations , 1976a) and of heat treatment of the spore suspension (10min at 50°C) on germination of S. hygroscopicus spores and on subsequent growth in Tris/GSD medium and MOPS/GSD medium were determined. Both heat treatment and calcium ions shortened the duration of germination and increased the growth rate of the germinated mycelia. A combination of the two treatments gave the optimum result, i.e. the shortest germination time and the highest specific growth rate (data not shown). Therefore, subsequent experiments were performed in calcium-supplemented media and the spore suspension was always heat treated.
Germinorion and growth of S . hygroscopicus Fig. I shows germination of a heat-treated spore suspension in Tris/GSD medium. A similar germination pattern was obtained for MOPS/GSD medium. The time of appearance of the first germlings depended on the age of the agar slant as well as on inoculum size; in the experiment shown in Fig. 1 To show that measurement of intensity of scattered light (IJs.) corresponded to actual mycelial growth, the mean hyphal length ( L ) of 30 to 60 individual mycelia was determined at different times of cultivation. Statistical comparison of the slopes of regression lines of I j s 0 for 11 < r < 15 h and of L for 10 < t < 15 h revealed no difference at a significance level of 5%. The strong positive correlation between Ias-and L was also shown by the high correlation coefficient ( R = 0-9996) from regression analysis. Therefore, measurement of IaSa could be used as a measure of mycelial growth under our experimental conditions. However, this was valid only in the phase of exponential increase of Ias and until L was 70 pm. The culture conditions under which S . hygroscopicus grew in a balanced manner had to be strictly maintained, otherwise mycelial clumping prevented balanced growth. This was especially important for the cultivation device, although we cannot explain why mycelial clumping occurred in reciprocally shaken cylindrical glass vials, but could be avoided by using glass tubes with aeration.
Disturbance q#' balanced growth
The response to perturbations in growth conditions by bacteria growing in a balanced manner has been used to investigate regulatory processes. Growth can be perturbed by exhaustion of a substrate in the culture medium. Therefore, we determined the yield coefficients of S. hygroscopicus for carbon and nitrogen sources. and investigated the action of certain substrate analogues, e.g. methyl a-Pglucopyranoside (a-met hylglucoside, a MG) and DL-serine hydroxamate (SHX) on growth. 
Determination of yield coe#iciunts oj'glucose, ammonium and phosphate. Yield coefficients ( Y)
were calculated from the amount of substrate used AS(g I -I ) to give an increase in cell mass, AX (g I -I ), according to Y = A X AS -I . These yield coefficients, Yglucw = 0.45 and Y,,,",, = 5.8, for S. hygroscopicus were in very good agreement with those of Escherichiu coli (Pirt, 1975) .
To enable an efficient labelling of cellular components with 32P, we also determined the yield coefficient of phosphorus, Yp 2 60, but this value was not reproducible. Treutment with SHX. After addition of SHX at a concentration of 2.5 mg ml-I to an exponentially growing culture of S. hygroscopicus, further growth was prevented.
Treutment with aMG. In E. coli aMG was taken up from the medium by the phosphotransferase system to form a M G 6-phosphate. It was not metabolized further (Kessler & Rickenberg, 1963) . The decreased uptake of glucose after addition of aMG created the carbon source shift down. a M G was also active in Klebsiellu pnPumoniue (Riesenberg & Kari, I98 I ). In S. hygroscopicus, aMG resulted in reduction of specific growth rate (Fig. 3) . A negative correlation was found between the concentration of aMG and the specific growth rate, p, until 2 h after the shift: log, 1,p, -log, Idso,,) o,+ I -0 -l In 2 , . I (see upper insert of Fig. 3) . Therefore, we concluded that aMG competed with glucose. The post-shift specific growth rates of cultures treated with a M G at low concentrations ( c 3-20;) The inset shows the dependence of the specific growth rate. p. on the concentration of aMG. p was calculated on the basis of regression lines in the time interval 0 c t < 2 h.
were lower than the pre-shift specific growth rate and remained constant over two doublings. In cultures treated with a M G at high concentrations ( > 3-20;) ? the culture grew, after a lag period, with a post-shift specific growth rate comparable with p of the control culture. Probably, aMG at high concentrations triggered the synthesis of an enzyme splitting glucose from aMG. Such an enzyme was found in bacilli by Harris & Miller (1976) .
The system developed, suitable for analysis of balanced and unbalanced growth of S. hj+groscopicus. has been successfully applied for studying the effect of a M G as well as the effect of SHX on nucleoside plyphosphate pools, R N A and protein accumulation in this mycelium forming bacterium (Riesenberg ut d., 1984) .
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